


20150244.000 - ii - 11/08/18

TABLE OF CONTENTS

EXECUTIVE SUMMARY .............................................................................................................. iv

1. INTRODUCTION ...................................................................................................................... 1

1.1 Background ....................................................................................................................... 1
1.2 Site Location ..................................................................................................................... 2

2. DESIGN CRITERIA .................................................................................................................. 2

2.1 Design Frequency and Freeboard ....................................................................................... 2
2.2 Proposed Bridge Requirements .......................................................................................... 2

3. HYDROLOGY ........................................................................................................................... 3

3.1 Drainage Basin Description ............................................................................................... 3
3.2 River Channel and Floodplain ........................................................................................... 3
3.3 Flood History .................................................................................................................... 4
3.4 Hydrologic Study Approach .............................................................................................. 4

4. RIVER HYDRAULIC ANALYSIS ............................................................................................ 5

4.1 General Hydraulic Model Approach .................................................................................. 5

4.2 Existing Bridge.................................................................................................................. 6

4.2.1 Hydraulic Modeling Approach .............................................................................. 6
4.2.2 Hydraulic Performance of Existing Bridge ............................................................ 6

4.3 Proposed Bridge ................................................................................................................ 6

4.3.1 Alternative Selection ............................................................................................. 6
4.3.2 Proposed Bridge Geometry ................................................................................... 7
4.3.3 Hydraulic Modeling Approach .............................................................................. 7
4.3.4 Hydraulic Performance of Proposed Conditions .................................................... 7

5. STABILITY AND SCOUR ASSESSMENT ............................................................................. 10

5.1 Channel Description ........................................................................................................ 10

5.2 Foundation and Countermeasure Recommendations ........................................................ 10

5.2.1 Scour Countermeasures ....................................................................................... 10
5.2.2 Channel Protection .............................................................................................. 10

6. CONCLUSIONS AND RECOMMENDATIONS ..................................................................... 11

6.1 Conclusions ..................................................................................................................... 11

6.2 Recommendations ........................................................................................................... 11

7. REFERENCES ......................................................................................................................... 12



20150244.000 - iii - 11/08/18

TABLE OF CONTENTS (continued)

APPENDIX A – Photographs

APPENDIX B – Watershed Area Map

APPENDIX C – FEMA FIS Information and HEC-2 Input

APPENDIX D – Hydrologic Discharge Calculations

APPENDIX E – Cross Section Plans

APPENDIX F – HEC-RAS Input and Output

APPENDIX G – Countermeasure Design



20150244.000 - iv - 11/08/18

FOLSOM ROAD/NORTH HIGH STREET OVER SHIELDS BROOK

HYDROLOGIC AND HYDRAULIC REPORT

NOVEMBER 2018

EXECUTIVE SUMMARY

The existing 6-foot diameter corrugated metal pipe is located in Derry, Rockingham County, New
Hampshire on Folsom Road/North High Street over Shields Brook.  The culvert is being replaced as part
of the Exit 4A Interchange Project that will turn the existing local road into a 4-lane Connector Road with
additional left/right turn lanes and a 5-foot sidewalk, and will raise the profile at the Shields Brook
crossing 7 to 8 feet.  The culvert is also undersized and causing a restriction in flow.  The culvert is in a
suburban location.  The brook’s drainage basin consists of mostly forested areas with only approximately
8.5 percent storage.  The upstream channel is sinuous with a shallow channel slope.

View looking at upstream invert View looking at downstream invert

A Stream Crossing Assessment Report has not yet been completed, however, a delineated bankfull width
of 22 feet was determined, resulting in a design clear span of 28.5 feet.  The results of the proposed model
specify a 28.5-foot clear span by 4.7-foot rise structure with channel banks extending through the
proposed structure and a minimum opening area of 126 sq. feet.

Existing and proposed hydraulic models were created utilizing HEC-RAS.  The results of the existing
hydraulic model show that the existing culvert passes up to the 2-year design flood event without
overtopping.  The proposed 28.5-foot clear span buried structure meets freeboard requirements for the
100-year design flood event.

The 28.5-foot clear span buried structure meets both NHDOT requirements (hydraulic and freeboard) and
NHDES requirements (bankfull width and channel banks through the structure).  Scour analyses were not
performed, but riprap sizing calculations were completed.  This structure will require 2-feet of NHDOT
Riprap, Class III across the entire width of the waterway, and any streambed material utilized based on
NHDES Stream Crossing requirements shall incorporate Class III Riprap for scour protection.  The riprap
should extend from the face of each abutment (or along the faces of the wingwalls) at least 25 feet to
protect the downstream roadway embankment, and should extend up the embankments at least to the 100-
year flood event elevation at the bridge.  The top of the material should be flush with the existing channel
grade.
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1. INTRODUCTION

As part of the Exit 4A project, a Connector Road will be built along the length of the existing
Folsom Road/North High Street.  This work will involve the replacement of the existing 6-
foot diameter corrugated metal pipe at the future Connector Road’s crossing with Shields
Brook.

1.1 Background

The existing culvert is 6-feet in diameter and provides a total waterway opening of
approximately 28 square feet.  The culvert is undersized and constricts the channel.
The Future Connector Road is expected to significantly widen the road from 2 lanes
to 4 lanes with a 5-foot sidewalk, and includes a 18-foot island/left turn lane and an
11-foot right turn lane at the project location.  The profile will also be raised at the
crossing location 7 to 8 feet.  Additional photos can be found in Appendix A.

Downstream Invert
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1.2 Site Location

The culvert is located on Folsom Road/North High Street over Shields Brook in the
Town of Derry, Rockingham County, New Hampshire.  See Location Map.

Location Map
2. DESIGN CRITERIA

The Hydrologic and Hydraulic Study was completed in accordance with the NHDOT Bridge
Design Manual dated January 2015 with current revisions (Reference 1).

2.1 Design Frequency and Freeboard

Folsom Road is a paved road in Derry, not far from downtown Derry.  This road
would currently be considered a Highway Tier 5 local road.  However, after the
Connector Road is built, it will be considered a Highway Tier 2 road, or statewide
corridor also considered a principal arterial road.  Per the NHDOT Bridge Design
Manual Table 2.7.4-1 Design Frequencies, for a Tier 2 road, the 100-year event is the
design flood, and the 500-year event is the check flood.  A new bridge must be
designed for the “Design Flood” with the specified freeboard requirements.  The
bridge must also be checked against the “Check Flood” for high flow damage and is
considered an extreme limit state.

2.2 Proposed Bridge Requirements

The proposed bridge substructures must be designed for the 100-year design flood
event scour potential, and checked against the 500-year check flood event scour
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